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(54) Unbalanced latch and fuse circuit including the same 

(57) A latch circuit (1) that is intentionally imbal- 
anced, so that a first output (6) reaches ground voltage 
and a second output (7) reaches a supply voltage; and 
a fully static low-consumption fuse circuit the particular- 
ity whereof resides in that it comprises the intentionally 
unbalanced latch circuit (1) and a reversing branch that 
comprises the fuse to be programmed (6) and is 
adapted to reverse the operation of the latch circuit, so 
that in the virgin state the fuse (9) connects the second 
output (7) of the latch circuit (1) to the ground voltage 
and connects the first output (6) to the supply voltage. 
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Description 

The present invention relates to an unbalanced 
latch and to a fully static low-consumption fuse circuit 
including said latch. 

It is known that a static RAM cell or any element of 
a register that can be implemented in microprocessors 
requires an appropriate presetting circuit when the 
device is switched on. Therefore, a static RAM must 
have a predictable initial memorization state, obtained io 
by pre-memorizing information in the individual cells 
that constitute the RAM memory. 

During manufacture, each cell is preset so as to 
represent a binary zero or one, so that during operation 
the state of the cell can switch in order to store binary is 
information. 

As already mentioned, in order to pre-memorize 
binary information in RAM cells it is necessary to have 
an appropriate presetting circuit which has the draw- 
back that it increases the size of the circuit 20 

As regards instead nonvolatile memories of the 
EPROM, EEPROM, and FLASH types, it is well-known 
to use fuses having the purpose of storing events and of 
providing programmable configurations. In redundancy 
circuits, the fuses are used to store the address of the 25 
memory line that is replaced with said redundancy cir- 
cuit. 

Static fuses are furthermore used for the configura- 
tion of integrated circuits in a nonvolatile manner, in 
which they can assume switching properties. 30 

Another application can be the programming of 
delays and jumps in a nonvolatile manner. 

A drawback of known fuses is that they are rela- 
tively complicated and occupy a considerable portion of 
silicon on the integrated chip due to the number of com- 35 
ponents used. 

Another drawback is that the fuses are protected 
against accidental programming, known as "soft-writ- 
ing", in a complicated manner. 

Furthermore, when the fuse is still to be pro- 40 
grammed, that is to say, when it is still in the "virgin" 
state, it has a considerable consumption. This con- 
sumption, multiplied by the number of fuses provided in 
an integrated circuit, is not negligible. 

Therefore, an aim of the present invention is to pro- 45 
vide an unbalanced latch that can be used as an ele- 
ment which can be preset automatically at power-on in 
a definite state and a fully static low-consumption fuse 
comprising said latch. 

Within the scope of this aim, an object of the so 
present invention is to provide a fully static low-con- 
sumption fuse circuit that comprises the unbalanced 
latch and is simpler than known fuses from a structural 
point of view. 

Another object of the present invention is to provide 55 
a fully static low-consumption fuse circuit requiring a 
smaller number of components than known fuses. 

Another object of the present invention is to provide 
a fully static low-consumption fuse circuit including a 



single programmable element. 

Another object of the present invention is to provide 
a fully static low-consumption fuse circuit that is pro- 
tected against accidental programming, known as soft- 
writing. 

Another object of the present invention is to provide 
a fully static low-consumption fuse circuit capable of 
performing static reading. 

Another object of the present invention is to provide 
a fully static low-consumption fuse circuit that does not 
require particular reading circuits. 

Another object of the present invention is to provide 
a fully static low-consumption fuse circuit that is con- 
sumption-free after the decision step has occurred. 

Another object of the present invention is to provide 
a fully static low-consumption fuse circuit that avoids 
any control circuits. 

Another object of the present invention is to provide 
an unbalanced latch, and a fully static low-consumption 
fuse circuit comprising said latch, that are highly relia- 
ble, relatively easy to manufacture, and at competitive 
costs. 

This aim, these objects, and others which will 
become apparent hereinafter are achieved by a latch 
circuit, characterized in that it comprises a first branch 
including: a first pair of transistors of a first polarity and 
of a second polarity that are series-connected between 
a supply voltage and a ground voltage; a second pair of 
transistors of a first polarity and of a second polarity that 
are series-connected between said supply voltage and 
said ground voltage; a first output interposed between 
the transistors of said first pair and a second output 
interposed between the transistors of said second pair; 
the gate terminals of the first pair of transistors being 
connected to said second output; the gate terminals of 
said second pair of transistors being connected to said 
first output; the thresholds of said transistors of said first 
polarity being mutually different, and the thresholds of 
said transistors of said second polarity being mutually 
different, so that said first output reaches ground volt- 
age and said second output reaches the supply voltage. 

The characteristics and advantages of the invention 
will become apparent from the description of a preferred 
but not exclusive embodiment thereof, illustrated only by 
way of non-limitative example in the accompanying 
drawings, wherein: 

f igure 1 is a diagram of the unbalanced latch circuit 
according to the invention; 

figure 2 is a diagram of a first embodiment of the 
fuse circuit according to the invention, comprising 
the unbalanced latch shown in figure 1 ; 
figure 3 is a diagram of a second embodiment of the 
fuse circuit according to the present invention, 
including the unbalanced latch shown in figure 1 . 

With reference to figure 1 , the latch circuit accord- 
ing to the present invention comprises a first transistor 2 
of the native P-channel type with a high threshold, on 
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the order of 1 .7 V. The drain of the transistor 2 is con- 
nected to a supply voltage V or > whereas the source is 
connected to the drain of a second transistor 3 of the 
native N-channel type having a low threshold (on the 
order of 0.3 V). The source of the second transistor 3 is 5 
connected to the ground GND. 

The latch circuit 1 furthermore comprises a third 
transistor 4 of the P-channel LVS (Light Voltage Shift) 
corrected-threshold type having an average threshold 
on the order of 0.9 V. The drain terminal of the third tran- 10 
sistor 4 is connected to the supply voltage V D r> whereas 
the source terminal is connected to a fourth transistor 5 
of the N-channel LVS type with corrected threshold (typ- 
ically 0.8 V, higher than the corresponding transistor 3). 
The source terminal of the fourth transistor 5 is con- is 
nected to the ground. 

A first node 6 is provided on the line that connects 
the first transistor 2 and the second transistor 3 and is 
connected to the gates of the third transistor 4 and of 
the fourth transistor 5. Likewise, on the line that con- 20 
nects the third transistor 4 and the fourth transistor 5 a 
second node 7 is provided, which is connected to the 
gates of the first transistor 2 and of the second transistor 
3. 

In this manner, the first four transistors 2-5 form a 25 
classic latch structure, which is intentionally unbalanced 
due to the different thresholds so that when the supply 
voltage V DD switches on, the first node 6 tends to reach 
the ground value GND, whereas the second node 7 
tends to reach the value of the supply voltage V Dr> 30 

In order to facilitate the operation of the latch struc- 
ture, a first capacitor 12 is furthermore provided, which 
is connected between the first node 6 and the ground 
GND. The first capacitor is advantageously provided in 
N-type diffusion. 35 

A second capacitor 13 is also provided, advanta- 
geously in P-type diffusion, and is interposed between 
the second node 7 and the supply voltage V DD . 

Figure 2 is a diagram of a first embodiment of the 
above described latch circuit and of a fully static fuse 40 
circuit. 

A reversing branch is connected to the second 
node 7 of the latch circuit 1 and is composed of a fifth 
cascoding transistor 8 of the native N-channel type with 
a low threshold (on the order of 0.3 V), which is series- 45 
connected to the drain terminal of a sixth dual-gate tran- 
sistor 9 of the nonvolatile N-channel type. Said transis- 
tor 8 is not indispensable for the operation of the circuit 
but has the purpose of adjusting the voltage on the drain 
of the transistor 9. The sixth transistor 9 has a high so 
threshold (approximately 2.1 V) and acts as a fuse for 
the circuit, that is to say, it is programmable. The other 
terminal (the source terminal) of the nonvolatile transis- 
tor 9 is connected to the ground. 

The gate terminals of the transistors 8 and 9 are ss 
connected to the supply voltage V DD . In this manner, 
when the supply voltage V D0 reaches the threshold of 
the nonvolatile transistor 9, the transistors 8 and 9 are 
switched on and the second node 7 is connected to the 



ground GND, whereas the first node 6, owing to the 
latch structure, is connected to the supply voltage V Dr > 
The nonvolatile transistor 9 is series-connected to a 
programming branch constituted by an LVS N-channel 
transistor 1 1 with an average threshold on the order of 
0.8 V. Said transistor 1 1 , biased appropriately, acts as a 
current source during programming. 

The operation of the latch circuit according to the 
present invention is as follows. 

When the supply voltage is switched on, the first 
node 6 of the latch circuit 1 tends to remain at the value 
of the ground GND, since the low-threshold transistor 3 
starts to conduct, and the second node 7 tends to reach 
the supply voltage V DD . In this manner, the latch circuit 
1 presets itself, when it switches on, in a definite state 
by virtue of the imbalance obtained by differentiating the 
thresholds of the two N-type transistors and the thresh- 
olds of the two P-type transistors. 

The reason why the thresholds of the P-type tran- 
sistors must be mutually different, like the thresholds of 
the N-type transistors, can be more clearly understood 
by observing figure 1 . If the reverse junction current of 
the P-type transistors 1 and 3 is higher than the reverse 
current of the N-type transistors 2 and 4, at power-on 
the two nodes 6 and 7 of the latch circuit 1 are at a volt- 
age the value whereof is equal to the supply voltage. 
When the value of the voltage reaches the value of the 
threshold of the native N-type transistor 3, the node 6 
discharges to the ground (GND). 

If instead the reverse junction current of the P-type 
transistors 1 and 3 is lower than the reverse junction 
current of the N-type transistors 2 and 4, then at power- 
on both nodes 6 and 7 of the latch circuit 1 are con- 
nected to the ground (GND); as soon as the power sup- 
ply reaches a value that is equal to the threshold of the 
P-type transistor 4 f the node 7 becomes charged at the 
supply voltage V Dr > 

In both of the above described cases, the latch cir- 
cuit 1 is in a definite and univocal state. 

The operation of the fuse circuit shown in figure 2, 
which includes the latch of figure 1 , is similar for the first 
power-on step. Then, at approximately 2.1 V, the non- 
volatile transistor 9 switches on (whereas the transistor 
8 is already on when V DD = 0.5 V) and the operation of 
the latch circuit 1 is reversed, that is to say, the second 
node 7 is connected to the ground GND and the first 
node is connected to the supply voltage V DD , differently 
from the initial excursion. 

The threshold values and the internal resistances of 
the transistors 4, 8, and 9 and the value of the capacitor 
13 (which is connected to the node 7) are chosen so 
that the voltage at the node 1 4 connected to the drain of 
the nonvolatile transistor 9 never exceeds a value of 
approximately 1 V. In this manner dangerous voltages at 
the drain of the nonvolatile transistor 9. which might 
accidentally program said transistor, are avoided. 

During programming, a high voltage of approxi- 
mately 12 V is applied to the gates of the nonvolatile 
transistor 9 and of the transistor 8. A high voltage of 
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approximately 1 2 V is also applied to the gate of the pro- 
gramming transistor 1 1 , whereas a voltage on the order 
of Vqd is applied to its drain. The high voltage at the 
gate of the transistor 1 1 has the purpose of inducing an 
intense programming current in the nonvolatile transis- 
tor 9. This is necessary only for EPROM and FLASH 
memories, whereas for EEPROM memories it is suffi- 
cient to have a high voltage at the gate of the nonvolatile 
transistor. 

With a high voltage applied to the gate and an 
intense current present across the drain/source termi- 
nals, the floating gate of the transistor 9 is charged and 
its threshold rises to 6-7 V, that is to say, above the value 
of V DD that is normally applied to the gate of the transis- 
tor 9. 

In this manner, once it has been programmed, the 
transistor 9, by having a voltage V DD applied to its gate, 
no longer conducts and does not draw the second node 
towards the ground GND. In this manner, the second 
node 7 reaches V DD , as defined by the unbalanced 
latch circuit 1 , and the first node 6 reaches the ground 
GND. 

During reading, the voltage at the drain of the pro- 
gramming transistor 1 1 can have any value, but the volt- 
age on its gate must be equal to 0 V so that it does not 
conduct current. 

During reading, the output values can be taken both 
from the first node 6 and from the second node 7. 

Figure 3 is a diagram of an improved version of the 
fully static fuse circuit according to the present inven- 
tion. 

The circuit is substantially identical to the circuit of 
figure 2, with the first difference that it comprises a 
forced presetting transistor 15 connected between the 
f irst node 6 and the ground GND. Said transistor has the 
purpose of inducing a presetting of the latch circuit 1 
(that is to say, to connect the first node to the ground 
and the second node to V DD ) when it is necessary to 
facilitate presetting at the initial instant of the activation 
of the circuit and to force said presetting whenever this 
is desired. 

The second difference with respect to the embodi- 
ment of figure 1 is that a voltage source 1 6 is interposed 
between the nonvolatile transistor 9 and the ground ter- 
minal. Said source has the purpose of adjusting the volt- 
age at the source of the nonvolatile transistor 9 during 
programming and during deletion of the programming of 
the circuit. 

For EPROM memories, the voltage source 16 
maintains the voltage at the source of the transistor 9 
always at the value of the ground GND. 

For FLASH memories, the voltage source 16 main- 
tains the voltage at the source of the transistor 9 at the 
value of the ground GND during programming and dur- 
ing reading, whereas during deletion it generates a high 
voltage of approximately 12 V, and a voltage of 0 V is 
applied to the gate of the transistor 9. In this manner, the 
floating gate of the transistor 9 discharges and the tran- 
sistor 9 returns to the virgin state. 
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For EEPROM memories, the source of the transis- 
tor 9 is maintained at ground voltage during reading and 
floats during programming. Deletion occurs in a manner 
that is similar to deletion in FLASH memories. 
5 From the above description it is evident that the 
present invention fully achieves the intended aim and 
objects. 

In particular, an intentionally unbalanced latch cir- 
cuit is proposed which can act for example as a static 
w RAM cell that can be preset automatically at power-on 
in a definite state, without requiring a specifically pro- 
vided external presetting circuit. In order to achieve this, 
it is sufficient to mutually differentiate the thresholds of 
the two N-type transistors and the thresholds of the two 
15 P-type transistors. 

The unbalanced latch circuit furthermore allows to 
obtain a fully static fuse circuit that is simpler and has a 
smaller number of components than known circuits. 
Said circuit furthermore requires only one programma- 
20 ble element, that is to say. the transistor 9. 

Furthermore, the nonvolatile transistor 9 is pro- 
tected against soft-writing in a simple manner by means 
of the transistor 8. 

The circuit furthermore performs static reading. 
25 does not require particular read circuits, and avoids any 
control circuits. 

The circuit is also consumption-free after the deci- 
sion step has occurred. 

The invention thus conceived is susceptible of 
30 numerous modifications and variations, ail of which are 
within the scope of the inventive concept. 

Thus, for example, the polarities of the transistors 
can be reversed and it is possible to use any current 
source instead of the transistor 1 1 . 
35 Furthermore, even if the transistors shown are of 
the MOSFET type, they might also be of other kinds. 

Finally, all the details may be replaced with other 
technically equivalent ones. 

In practice, the materials employed, as well as the 
40 shapes and the dimensions, may be any according to 
the requirements, without thereby abandoning the 
scope of the protection of the appended claims. 

Where technical features mentioned in any claim 
are followed by reference signs, those reference signs 
45 have been included for the sole purpose of increasing 
the intelligibility of the claims and accordingly such ref- 
erence signs do not have any limiting effect on the inter- 
pretation of each element identified by way of example 
by such reference signs. 

50 

Claims 

1. Latch circuit, characterized in that it comprises a 
first branch including: a first pair of transistors of a 
first polarity and of a second polarity that are series- 
connected between a supply voltage and a ground 
voltage; a second pair of transistors of a first polar- 
ity and of a second polarity that are series-con- 
nected between said supply voltage and said 
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ground voltage; a first output interposed between 
the transistors of said first pair and a second output 
interposed between the transistors of said second 
pair; the gate terminals of the first pair of transistors 
being connected to said second output; the gate 5 
terminals of said second pair of transistors being 
connected to said first output; the thresholds of said 
transistors of said first polarity being mutually differ- 
ent, and the thresholds of said transistors of said 
second polarity being mutually different, so that w 
said f irst output reaches ground voltage and said 
second output reaches the supply voltage. 

2. Circuit according to claim 1 , characterized in that 
said first pair of transistors comprises a first transis- 15 
tor of a f irst polarity having a high threshold and a 
second transistor of said second polarity having a 
low threshold. 

3. Circuit according to claim 1 , characterized in that 20 
said second pair of transistors comprises a third 
transistor of said first polarity, the threshold whereof 

is different from the threshold of said first transistor, 
and a fourth transistor of said second polarity hav- 
ing a medium threshold. 25 

4. Circuit according to claim 2, characterized in that 
the drain terminal of said first transistor is con- 
nected to said supply voltage and the source termi- 
nal of said second transistor is connected to said 30 
ground voltage. 

5. Circuit according to claim 3, characterized in that 
the drain terminal of said third transistor is con- 
nected to said supply voltage and the source termi- 35 
nal of said fourth transistor is connected to said 
ground voltage. 

6. Circuit according to claim 1 , characterized in that it 
comprises a first capacitor that is connected 40 
between said f irst output and said ground voltage, 
said first capacitor being of the N-type diffusion. 

7. Circuit according to claim 1 , characterized in that it 
comprises a second capacitor that is connected 45 
between said second output and said ground volt- 
age, said second capacitor being of the P-type dif- 
fusion. 



gin state said fuse makes said second output 
reach said ground voltage and makes said first 
output reach said supply voltage. 

9. Circuit according to claim 8, characterized in that it 
comprises a current source adapted to induce a 
programming current in said fuse. 

10. Circuit according to claim 9, characterized in that 
said current source is a transistor 

11. Circuit according to claim 8, characterized in that 
said fuse is a dual-gate transistor in which the gate 
is connected to said supply voltage. 

12. Circuit according to one or more of the preceding 
claims, characterized in that said dual-gate transis- 
tor is adapted to raise its threshold above the value 
of said supply voltage when said programming cur- 
rent and a voltage at least equal to said supply volt- 
age are applied thereto. 

13. Circuit according to claims 8 and 1 1 , characterized 
in that said reversing branch comprises a cascod- 
ing transistor adapted to maintain the voltage on 
the drain of said dual-gate transistor at a level that 
avoids the accidental programming of said dual- 
gate transistor. 

14. Circuit according to claim 8, characterized in that 
said latch circuit comprises a first transistor of a first 
polarity with a high threshold, a second transistor of 
a second polarity with a low threshold, a third tran- 
sistor of said first polarity with a threshold that is dif- 
ferent from the threshold of said first transistor, and 
a fourth transistor of said second polarity with a 
medium threshold; said first and second transistors 
being series-connected between said supply volt- 
age and said ground voltage, said third and fourth 
transistors being series-connected between said 
supply voltage and said ground voltage, said first 
output of said latch circuit being interposed 
between said first and second transistors and being 
connected to the gates of said third and fourth tran- 
sistors, said second output being interposed 
between said third and fourth transistors and being 
connected to the gates of said first and second tran- 
sistors. 



8. Fully static low-consumption fuse circuit, character- so 
ized in that it comprises: 

a latch circuit that is intentionally unbalanced 
so that a first output reaches the ground volt- 
age value and a second output reaches the ss 
supply voltage value; 

a reversing branch that comprises the fuse to 
be programmed and is adapted to reverse the 
operation of said latch circuit so that in the vir- 



15. Circuit according to claims 11 and 14, character- 
ized in that said dual-gate transistor has a higher 
threshold than said first transistor. 

16. Circuit according to one or more of the preceding 
claims, characterized in that it comprises a voltage 
source interposed between the source of said dual- 
gate transistor and said ground voltage to delete 
the programming of said dual-gate transistor. 
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17. Circuit according to claim 8. characterized in that it 
comprises a forced presetting element that is con- 
nected between said first output and said ground 
voltage. 

5 

18. Circuit according to claim 17, characterized in that 
said presetting element is a transistor. 

19. Circuit according to claim 8, characterized in that it 
comprises an N-diffusion capacitor interposed 10 
between said first output and said ground voltage. 

20. Circuit according to claim 8, characterized in that it 
comprises a P-diffusion capacitor interposed 
between said second output and said supply volt- 15 
age. 
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